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ABSTRACT 

The purposes of this paper are: (1) to investigate 
the effects of SQUARE ONE TV on children's problem-solving behavior 
and their attitudes toward mathematics and (2) to indicate some 
connections between the result and the National Council of Teachers 
of Mathematics (NCTM)'s Curriculum and Evaluation Standards for 
School Mathematics. This paper describes SQUARE ONE TV and compares 
its goals with those of the Standards. Half of the 48 fifth graders 
received treatment of 30 half-hour unaided viewing sessions in a 
group setting for six weeks. The Problem-Solving Activities (PSAs) 
coding systems are described. From pretest to posttest, children in 
the viewing group made significantly greater both P-score (problem 
solving) and M-score (mathematical completions and sophistication) 
gains on the PSAs than the nonviewers did. Possible reasons for the 
effects a-e considered. Goals of the SQUARE ONE TV are listed in the 
appendix. (YP) 
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Introductiori 



The purpose of this paper is twofold: To present informa- 
2"m?^?^*^ ? entitled "Children's Problem-Solving Behavior 

and Their Attitudes toward Mathematics: An Evaluation of the 
Effects of SQUARE ONE TV,"i and, concurrently, to indicate some 
connections between that study and the document from the National 
Council of Teachers of Mathematics (NCTM) entitled Curricv ^ lum and 
Evalua tion Standards for school Mathematii (NCTM, 1989) . T^H^s — 
^1^4^.^^^^°^® ^^■^■^ necessitate some alternating between reporting 
of the study and some higher-level commentary from the point of 
view of the Standards . 

.,^>.^, k!!?^^''^^'' outline of the paper is this: We start with a 

111 ^ description of SQUARE ONE TV, and compare its goals 
with those of the Standards. Next we describe the study and its 
^^^^^fS''"'^' ^ith some results, again with commentary 

from the perspective of the Standards. Finally, we make some 

?^«nHiiH«°"«^''^^°D^ among SQUARE ONE TV, its evaluation, and the 
standards , against a backdrop of current school mathematics. 

A Brief Descripti on of SQUARE ONE tv 

SQUARE ONE TV is a television series about mathematics, 
produced by Children's Television Workshop (CTW) . it is aimed at 
homr?.^??So„°J 12;year-oll viewers, primarily watching at 

home (although some stations carry the program during school 
hours). The program is 30 minutes long, and in generally broad- 
cast Mondays through Fridays on public television stations. The 
first two production seasons resulted in a total of lis programs. 
Season III, which premiered in January, 1990, consists of 40 new 
programs. Season IV production is now under way. 

SQUARE ONE TV has three goals that have guided its produc- 

£oal I is to promote positive attitudes toward, and enthu- 
siasm for, mathematics, by showing that mathematics is 
a powerful and widely applicable tool; is aestheti- 
cally pleasing; and can be understood, used, and even 
invented, by non-specialists; 



tion: 



The production of SQUARE ONE TV and the research summarized 
here have been supported by the National Science Foundation, the 
Corporation for Public Broadcasting, the Carnegie Corporation, 
ana the U.S. Education Department. First season production was 
alpo supported by the Andrew W. Mellon Foundation and by IBM. 



^^^l is to encourage the use and application of problem- 
solving processes (which are classified as problem 
formulation, problem treatment, problem-solving 
heuristics and problem follow-up) ; and 

Goal 111 is to present sound mathematical content in an 

interesting, accessible and meaningful manner. (This 
content is categorized as numbers and counting; arith- 
metic of rational numbers; measurement; numerical 
functions and relations; combinatorics; statistics and 
probability; and geometry). 

Each of these goals is further refined into a range of subgoals; 
the complete breakdown is fully explicated in Appendix I. 



A Compa rison with the S tandards 

c^.r.«^^® P*^^® ^^^^ consider how the three goals of 

SQUARE ONE TV are related to the "five general goals for all 
students" set forth in the Standards (NCTM, 1989, p 5) The 
production of SQUARE ONE TV started well before even the first 
version of the Standards was published, so the series was not 
designed with the specific goals of the Standards in mind. 
Nonetheless, the designers of the series and the show's Advisory 
Board have been active in mathematics education reform for many 
It^^^' ^® reasonable to expect there to be some relation 
The following table illustrates the correspondence! 



Table 1 

Correspondence between Goals of 
SQUARE ONE TV and of NCTM's Standards 

SQUARE ONE TV Standards 

I. Promote positive 1. Learn to value mathematics 

attitudes, enthu- 2. Become confident in ability 

^i^®^ to do mathematics 



II. Encourage use of prob- 3. Become mathematical 
lem solving problem solvers 



III. Present sound mathem&t- 5. Learn to reason mathemat- 
ical content ically 



(The connection between iii. and 5. on the last line of Table 1 
is less direct than the others, but it should be noted here that 



the wide range of mathematical content actually presented on 
SQUARE ONE TV corresponds closely to the NCTM content-specific 
standards; that is, Standards 5 through 13 for Grades 5-8 are 
consonant with the subgoals of Goal III. The only place the 
correspondence breaks down is with Standard 9, Algebra, which is 
largely absent in the series.) 

Given that SQUARE ONE TV is a television series, it is 
ironic that the one "general goal" of the Standard s that is not 
n^?^ SQUARE ONE TV statemenFof goals is 

/ilL [students] learn to communicate mathematically." 

(NCTM, 1989, p. 5.) There are many instances in the program 
where good mathematical communication between characters is 
modeled, and of course the series itself is an attempt to com- 
municate mathematically with its audience, but the promotion of 
mathematical communication among its audience is not a goal of 
the program. ^ 

Each segment of every program in Seasons I, 11 and III has 
been carefully analyzed to determine which subgoals it incorpor- 
ates; as a result one has detailed knowledge of how the goals 
are reflected in the programs. (This information appears in 
fS^e!= * ^^ty' 1990.) A natural Question that 

® ^® degree to which regular viewers of SQUARE ONE TV 
are affected by the material in the series that is directed 
toward the goals. We pursue this after a brief description of 
the role of research at Children's Television Workshop. 



A Backcfround for the Study; Research at CTW 

A created at the workshop via the "CTW model." 

in which three distinct groups — production, content and 
research — are brought together to work in concert under the 
leadership of an executive producer whose experience is grounded 
in television production. As a result, research has always 
played an important ro .e at CTW. 

The research used in the production of SQUARE ONE TV is both 
formative and summative. other researchers have used these terms 
in a variety of ways, but for our purposes, "formative research" 
IS a continuing line of research conducted before and durincr the 
production of material for the series. The aim of formative 

^° insure that the preferences and needs of SQUARE 
ONE TV s target audience are represented in the production of the 
^?fc®!' "search provides the production and content staffs 

with feedback on the comprehensibility and appeal of proposed 



By contrast, "summative research" assesses the impact of 
SQUARE ONE TV after production has been completed; its aim is to 
examine whether the series has been successful in meeting its 



goals (although, naturally, this sort of research also holds 
formative implications for future production). One previous 
summative study is described here. 

"The Comprehension and Problem-Solving Study" (Peel, Rock- 
well, Esty, & Gonzer, 1987), examined children's comprehension of 
a sample of ten segments taken from the first season of the 
series; the segments contained a wide variety of mathematical 
content, but all concerned problem solving. Comprehension was 
assessed on three levels: recall of the problems and solutions 
shown, uadSEstanding of the mathematical principles underlying 
but not fully explicated in the segments, and extension of 
concepts shown in the segments to related problems. 

The study found the segments' mathematical content to be 
accessible to children across the series' target age range: third 
through sixth graders were able to isolate and recall both the 
problems and solutions which had been shown. Also, th^'j content 
appeared to be age-appropriate. Well over half of the third 
graders gave satisfactory answers to questions which assessed 
their understanding of the segments' underlying mathematical 
content, and performance increased to over 80% for sixth graders; 
thus, it seemed that the segments are neither so difficult that 
no one could understand them nor so easy that third graders 
performed as well as sixth graders. Moreover, many children were 
able to extend the mathematical principles used in the segments 
to solve related problems that had not been shown. Finally, the 
study demonstrated that viewers perceived the segments' charac- 
ters to be pleased with their own competence in solving problems. 



Purposes of the Prt-sent Study 

The present study builds upon this previous research in 
several ways, while the study described above examined problem 
solving in the context of problems presented in SQUARE ONE TV 
the current study presents children with nea problems to see how 
the series might affect problem solving in a more gene.-al sense. 
And while children in "The Comprehension and Problem-Solving 
Study" were asked to assess the feelings of the characters shown 
in the segments, the present study examines the changes in the 
children's sv^ri attitudes that might result from viewing SQUARE 
ONE TV. In this way, the current study provides a direct, 
experimental test of Goals I and ll; that is, it attempts to 
describe the changes in children's attitudes toward mathematics 
and their use of problem-solving techniques that might arise as s 
result of sustained viewing of SQUARE ONE TV. 

The attitude component, m assessing Goal I ("To promote 
positive attitudes toward, and enthusiasm for, mathematics"), we 
developed an Attitude Interview. Here we have conceived of 
"attitude" as pertaining to issues of motivation, confidcmce, 



enioyment, perceptions of usefulness and importance, and chil- 
dren's conceptions of what mathematics is, i.e. their "construct" 
or mathematics. 

The aims described under the Goal I subgoals directed our 
?n2^r " specific interview questions used. Goal lA 

( Matnematics is a powerful... tool, useful to solve problems 
and to increase efficiency") was related to interview questions 
Jo 3h?nrSH??/^^f^?",l^ S°"s^y^gt of mathematics and the degree 

is /SSii^""*.?^^"? °£ mathematics as useful and impnrt.pt 
Goal IB ("Mathematics is beautiful and aesthetically pleasing") 
was related to questions about the children's eniovment of 
mathematics. And Goal IC ("Mathematics can be used, understood, 
and even invented by non-specialists") was related to questions 
assessing children's confidence and motivation in using mathe- 
matics. The questions were open-ended and asked with respect to 
three domains: the problem-solving activities that children 

™«?h!!f^t" P^''^ Prol^l^"^ solving in general; and 

mathematics in and out of school. 

Because the Attitude Interview consisted of open-ended 
STfrfionT^^i"'?'? developing an elaborate picture of individual 
children's beliefs and feelings regarding mathematics, inter- 
Iirrfl«?''^h^''?^??'^ ask follow-up probe questions to draw out 

J? ! ^""^J complexity of the issues children raised. 

Sn^fiiff .^^^"^ schemes were developed through an analysis of the 
children's responses. This analysis is still underway; reports 
on results will be available later in the year. 

^ ^ The pyoblem-solvincf component , with regard to Goal II. the 

Snf ^oi?^^ ^J?^''? ^^^^^^ ONE TV on children's problem- 
fni i?^ actions (particularly problem treatment and follow-up) 
and the extent to which they use a variety of heuristics (e.q 
constructing tables or graphs, looking for patterns, or working 

^^S^n^''^?^^" P^^?^^"* solving. Further, the study Assesses thi 
impact of the series on the mathematical completeness and 
sophistication of children's solutions to nonroutine problems. 
The remainder of this paper will concentrate on the problem- 
solving component of the study, since it is virtually complete. 



An Overview of the Studvt Methodology 

^o„>. Si'S^fS^i* ^^f s^^:3®°ts for the study were fifth graders in 
fSLf P^^'i^^ elementary schools in a mid-sized southwestern city. 
(This site was chosen because it is one of the few cities in the 
country in which SQUARE ONE TV had not been part of the regular 
public television broadcast schedule prior to completion of data 

^niiAlfp °^ participating schools had shown 

SQUARE ONE TV as part of classroom instruction.) 



the schools used the same standard mathematics textbook 



and curriculum. Moreover, the four schools were matched as pairs 
on the basis of standardized achievement test scores, racial/eth- 
nic composition, and student socioeconomic status (SES) . One 
pair of schools served mostly lower-SES children, and the other 
two schools were largely middle SES. One school in each pair was 
randomly designated as an experimental (viewing) school, and the 
other was designated as a control (nonviewing) school. 

i-hc v>L^°^^\?^ children, 12 from each school, participated in 
the part of the experiment described here. They were drawn from 
2v:i"nS ^h®/??ular fifth-grade classrooms in the four schools. 
Children within matching schools were matched as pairs on gender 
^nn!^®^ S^^^' ^°hi®:^ement test scores, and eligibility for fre4 
lunch (used as a further indicator of SES) . 

Treatment . All fifth graders in the two experimental 
ONF Tv^ ''^rn'^vf ^'SL^^^^v^^ }° programs from Seasons I and II of SQUARE 
?oi-.i oV t^i /l°^®^ program each weekday for six weeks, a 
total of 30 half-hour programs. The viewing took place during 

m?' ^""^ "^V^^"*^ regularly scheduled mathematics 
Ssual ™;i-ho™«i-?^f ^^""^ "".^^^ viewing schools did not alter their 
cm.ADr ^^rS?/''^ instruction in any way. They did not use 
i? and ^hL^H^^"^^ Pf^'' 1?^ teaching, they did not comment on 

i:;.v, 4.. ^ connection between the program and 

mathematics. Thus, the experimental exposure to the series con- 
sisted of sustained unaided viewing in a group setting! 

their^^nhoHni schools did not see SQUARE ONE TV at all; 

their schedule did not change from what it usually was. 

Instruments . A variety of instruments were used, aimed at 
assessing problem-solving performance and attitudes. The prob- 
lem-solving instruments, called Problem-Solving Activities 
Monc^' T^'t L^^"?f of mathematically rich, nonroutine, situa- 
tions. Each PSA allowed children to demonstrate the priblem- 
solving actions and heuristics of Goal II and to reach solutions 
through a variety of approaches. The PSAs all involved a manip- 
ulative component, and they were substantively different from 
problems traditionally encountered in elementary school mathe- 

The PSAs comprised three levels of complexity. Level C 
problems (the most complex) , asked children to determine what is 
wrong with a complicated mathematical game and to fix it. (One 
of these is described in much greater detail later.) Level B 
PSAs (moderately complex) , involved sorting party guests or price 
tags into piles that meet several conditions. Level A PSAs (the 
least complex) were combinatorics problems involving circu.* 
performers or stripes on a shirt. 

At both the pretest and the posttest, three PSAs were admin- 
istered to individual children over two 55-minute sessions on two 



I 



successive days. (The Attitude Interview, described earlier, was 
also conducted during the second day.) The procedure for admini- 
stering each PSA was this: The researcher described a problem 
situation to the child, using a written script. The child was 
given time to work on the problem alone. Following this activ- 
ity, the researcher used a series of standard probe questions to 
get at what the child was thinking during the work session. 
Special emphasis was placed upon having the child describe and 
assess the choices he or she made during the problem-solving 
process. ' 

To prevent experimenter bias, the interviewers were not 
informed of the viewing/nonviewing status of the children. As 
an additional safeguard, interviewers had no contact with any 
classroom teachers. Further, special care was taken to insure 
that the children made no connection between the interviewina and 
SQUARE ONE TV. ^ 

The schedule used to administer the PSAs is shown in Table 

»1 nw . 



2, below. 



Table 2 

Schedule of Instrument Administration 





Experimental 
rviewina^ 




Control 
fNonviewina) 


PRETEST 


Day 1: Two PSAs 
Day 2: One PSA 




Day 1: Two PSAs 
Day 2: One PSA 


TREATMENT 


View 3 0 programs 
of SQUARE ONE TV 




No change from 
normal schedule 


POSTTEST 


Day 1: Two PSAs 
Day 2: One PSA 




Day 1: Two PSAs 
Day 2: One PSA 



There were two versions of each level of PSA — A and A', B 
and B', C and C. Eight months of pilot testing determined that 
it is possible to use two variants of each psA while maintaining 
the same level of difficulty from the pretest to the posttest. 
In fact, t-tests on pretest data from the main study revealed no 
significant differences in children's performance within each 
pair of problsms, indicating that difficulty did not vary within 
pairs of problems. (Henceforth the pair A and A', for example, 
will be referred to as A*.) 



ERIC 



one set of PSAs (either C, B, A or C, B', A') was adminis- 
tered to each child at the pretest, and the othar at the post- 
test. Withm each set, the most complex problem (C or C) was 
used first and the least complex last. Half the children at each 
school used one set for the pretest and the other set for the 
posttest; the order was reversed for the other children. 

A Description of one of the PSAs 

The following is a description of one variant of the most 
complex of the Problem-Solving Activities, PSA C'^. 

The child is told about a person named Dr. Game, who owns a game factory Dr 
Game was recently dismayed to find thai his factory had been broken into, and that 
some of his games had been changed in some way. The child has been hired by Dr. 
Game to find out what is wrong with one of these games. 

The experimenter shows the child the equipment for the game, which consists of: 
Two spinners, divided like this: 





A coin, with "+" on one side and "X" on the other; 



A number board with two 
elasticized loops one orange and 
the other green - arranged so that 
they surround two sets of numbers, 
like this: 



r • 

1 


2 


• 

3 


4 


5 e] 


7 

• 


8 


9 


10 




13 


14 


15 




17 18 


'19 


20 


21 


22 


23 24 




28 


Z7 


23 


29 30 



orange 



green 



Two stand-up, cut-out players, 
one of whom wears a sign around its neck 
saying "Orange" and the other with a 
sign saying "Green"; 

Nine plastic chips. 





The experimenter explains the rules of the game to the chiH To play the game a 
spinner-person (not identified further) spins both spinners, getting two numbers, 
and flips the coin, getting addition or multiplication. Then he does the addition 



2rphis PSA is loosely based on a lesson from the Comprehen- 
sive School Mathematics Program (CSMP, 1979, IV, pp. 49-60). 
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or multiplication and finds the answer on tl e board. If the answer is inside the 
green loop then the Green player gets one chip; if the answer is inside the orange 
loop then the Orange player gets one chip. Whoever has more chips at the end of 
nine spins wins the game. 

After the child is again tJd that there is something wrong with the game and 
that the task is to find what is wrong, the experimenter leaves the child to work 
a. one. A kit of materials (paper, pencils, pens, a calcjiator. a ruler, a protrac- 
tor, and some circular stickers) is available for the child to use if he or she 
wants to. 

[What is wrong with the game is that it is unfair to Green. The probability of 
awarding each chip to Orange is 3/4, and the probability of Orange's winning more 
Chips than Green by the end of the game is greater than 0.95.] 

When the child has told the experimenter what he or she thinks is wrong with the 
game, the experimenter asks several standardized questions that encourage the child 
to describe his or her actions, thoughts and strategies. Then the next task is 
posed; to fix the game. 

[The game can be fixed (or at least made fairer than it is) in a variety of wavs- 
by moving the orange and green loops appropriately; by changing some or all of the 
numbers on the spinners; by changing the operations on the coin; by awarding more 
than one chip to Green if the answer is in the green loop; or by some combination of 
these.] 

Again the child is left alone to work on this. The experimenter returns to the 
table when summoned or if the child seems no longer to be working productively As 
before, the experimenter uses a set of carefully structured probe questions to get " 
at what the child was doing and thinking during the period he or she was working on 



The Desicrn of tne study vis-a-vis the Standards 

In designing this evaluation of SQUARE ONE TV we have taken 
very seriously the first of the standards dealing with evJlua- 
i' Q?f ""^i^ Aligriinent. Alignment, according to the Standards 
with; aspects: Any evaluation should be aligned 

(1) the goa ls, objectives and ma thematical conteni- n-F 
progy^l . Here, two of SQUARE ONE TV's goals — I and II — 
are the spec'.fic foci of the two principal parts of the 
study; with :egard to Goal III (on mathematical content), 
the content (e.g. probability, combinatorics) that is 
represented in the problems that the subjects worked on was 
part of the content that appears in the series. 

(2) the relative emp^ ^ses given to various tonics and 
processes and their relationship s. Here, we consider the 
main "topic" of the series to be problem solving, which is a 



principal focus of both the show and the evaluation. ^ As 
will become clear in the next section, the correspondence 
between problem solving as categorized (a) in the series and 
(b) in the evaluation is very close. 

(3) Instru ctional approaches and activities, including the 
use of calculators, comput ers and manipulatives . Here, we 
note first that the psAs of the evaluation were embedded in 
the sort of story context that is typical of SQUARE ONE TV; 
in fact, any one of them could have been the basis of a 
studio sketch for the program. Calculators, computers and 
manipulatives are used in the series whenever they are 
natural and helpful, and, correspondingly, a calculator is 
provided as just one of several tools in a kit that subjects 
can use or not use as they wish. Further, a variety of 
manipulative devices are used by the writers to illu^strate 
concepts through the television medium, just as they might 
be used by teachers in classrooms. ^ 



Coding Systems 

"^^^fu coding systems used in the problem-solving 

ml nl^^ ^^^f^^^^^K^^n"*^^^^ the children's performance on these 
PSAs. One, called the P-score, ("P" for "problem solving") 
analyzed problem-solving processes employed. The second, called 
the M-score, ("M" for "mathematical") measured the mathematical 
completeness and sophistication of the subjects' solutions, in 
both cases, the coding systems used the child's verbal reports 
and overt behaviors as sources of evidence, rather than coders' 
inferences. We will discuss the P-score coding system first, and 
provide two examples of its 'ipplication. 

QniiApT^^?5?l;. This system was directly tied to the statement of 
SQUARE ONE TV's Goal II: The behaviors of interest were the 

J^Note that if one considers "topics" in the series from the 
point of view of Goal III (taking it just as a count of instances 
Of the various Goal III subgoals, as in the analysis in Schnei- 
der, et al. (1990)), then the evaluation is not aligned — e.g. 
the heaviest Goal ill subgoal in the series is IIIB (arithmetic 
of rational nuirJoers) , but that is not the focus of any of the 
PSAs . 

"•There are no segments in SQUARE ONE TV that deal with 
calculator or computer use per se . 

''Aside from the alignment issue, the very heavy manipulative 
emphasis in the presentation of the PSAs is partly to make the 
subjects' actions when working alone more visible to the video- 
taping. 

10 
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problem-solving actions and heuristics described in the subgoals 
of Goal II, slightly modified as shown in Table 3. The chain of 
reasoning that led us to this system of coding is essentially 
this: SQUARE ONE TV segments portray characters modeling 
mathematical problem solving in a variety of situations. These 
segments are coded on the basis of the Goal II subgoals that they 
depict. Children who watch the show repeatedly may, as a result, 
be more likely to use behaviors that would be categorized under 
these subgoals. To see if in fact this is true, it is reasonable 
to use this same system of subgoals to categorize the children's 
behavior. 



would not expect children necessarily to mimic 
the behavior shown by SQUARE ONE TV characters exactly. The 
actors are carefully scripted, and what they do is often designed 
to illustrate problem-solving strategies as clearly as possible. 
Further, two of the PSAs (B* and C*) are very different from any 
particular segment that was included in the six weeks of shows, 
and the third one is only partly similar to one of the segments. 
Thus, the particular behaviors that children use on the PSAs may 
not be exactly the same as ones that they have seen during the 
treatment. Nonetheless, we can use the same subgoal system to 
categorize the children's behavior even if that behavior is not 
precisely what one would see modeled on the show itself, (it 
should be noted, too, that we found that all the behaviors that 
Children consistently demonstrated were categorized somewhere in 
the coding system.) 

So, with the minor modifications portrayed in Table 3, we 
u??i^ ^?°^ ^^^^ statement of Goal II and used it to code the 
on i^^oi^® problem solving ag if th^jr performances were segments 
gn the show , on the basis of our experience with pilot testing, 
this seemed to be a reasonable approach, since the behaviors that 
were elicited in the pilot test phase were ones that could be 
categorized according to Goal II subgoals. 

For each subject on each PSA, one or more coders would look 
at the entire videotape and verbatim transcript of the child's 
behavior, including the discussion between the interviewer and 
the child. The coders were blind as to whether the child was a 
viewer or nonviewer, just as the interviewers had been.^ The 
coder would award points (a maximum of two) for each instance of 
the child's use of a problem-solving action or heuristic. This 



«Note that because of the slightly different introductions 
to the interviews, coders were not blind to whether the interview 
was from the pretest or the posttest. This is of little impor- 
tance, however, because the viewer/nonviewer status was unknown. 
Also, one child mentioned SQUARE ONE TV in a PSA A* interview, 
but this happened to be the last interview coded by that coder. 



wam uniformly done in accordance with procedures ]aid out in a 
detailed P-Scor® Coding Guide. 



Tabl e 3 



A Comparison of the Serie-j' 
and the Study's Interpretation of Goal ir 

GQAIL.CLASSIFICA TIONS F OR 



IIA. PROBLEM FORMULATION 

Recog., state a prob. 
Assess value of solv . 
Assess possib. of solv. 

JIB. PROBLEM TREATMENT 

Recall info 
Kstimate, approx. 
( ather data 
Calc. or manipulate 

Consider probabilities 
Trial & err; g\aess & cK 

lie. HEURISTICS 

Scale model 
Diagram 
Table, chart 
Graph 

Use objects; act out 
Transform problem 
Look for patterns 
Look for missing info 
Pertinent vs extraneous 
Change point of view 
Generate new hypoths. 

II D. PROBLEM FOIjLOW-UP 

Reasonableness 
Alternative solns. 
Alt. ways to solve 
Extend to rel. probs 



THE 


THE 


SERIES 


STUP^ 


IIAl) 




1IA2[ 




T T 2V Tt 1 




IIBl 


IIBl 


IIB2 


IIB2 




I1B3 


TTVkA 

IIB5 


tIIB4x 
aiB4y 
IIB5 


IIB6 


IIB6 


IICla\ 






IIC] X 


d' 




e 

IIC2 


IlCly 
1IC2 


iiC3a 


IIC3X 


l\ 


IIC3y 


iiC4a> 
bi 


IIC4 


IIDl 


IIDl 


IID2 


IID2 


IID3 


IID3 



Not used at all, 
since interviewer 
posed the problems 



Calculate 
Manipulate 



Diagram, etc. 

Use objects; act out 
Transform problem 
Patterns 

Msg info; pert vs extr 
Reapproach problem 



IID4 



IID4 
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Two Ill ustrations of the P-Score Coding 

We illustrate how the P-scores are assigned by considering 
highly abbreviated excerpts from the interviews of two children 
working on PSA C, the spinner game. These are transcripts of a 
tape that was prepared in the summer of 1989 to indicate how the 
interviews were conducted. These particular children were chosen 
almost at random from ones who had been coded by the time the tape 
was produced. There is no intention here of making any implications 
about pretest vs posttest, experimental vs control, or any gender, 
ethnicity or SES comparisons. Also, their names have been changed. 

The two interviews illustrate somewhat different approaches. 
Paul starts by noting "numbers repeat"; he then finds that some of 
the numbers in the orange loop are not obtainable, and concludes 
(incorrectly) that the game is unfair to Orange. Jodie notes a more 
general pattern connected with the size of the numbers, and attempts 
to fix the game by moving the loops, she does not check her solution 
in any detail, though, and it turns out to be no better than the 
original partition of the numbers. 



IIB3 (2 pts) 
Gathers info 
by examining 
equipment 



Excerpts from an Interview with Paul 



R: 



[DESCRIBES THE PROBLEM] 



but there's 



m 



still something wrong with the game, okay? Now, I « 
going to go over there while you're working on this. 
Why don't you take a little while to think about 
this. Don't rush. Take as much time as you like. 
And if you need something or you need to ask me any 
gviestions, please let me know. Then, when you think 
you've found out what's wrong with the game, call me 
back, and I'll come back and then we can discuss 
what you've done and what you were thinking, okay? 

S: Okay . 

[RESEARCHER LEAVES] 

S: [EXAMINES SPINNERS AND POINTERS. PICKS UP 
PLAYERS. LOOKS AT NUMBER BOARD. COUNTS CHIPS.] 

S CONTINUES TO EXAMINE THE GAME PIECES FOR 3.5 
MINUTES 



S: [LOOKS UP, SMILES] I think I figured it out. 

R: You figured it out? Great. [RESEARCHER RETURNS] 
What do you think is wrong with the game? 

S: It repeats numbers? 
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IIC3 (2 pts) One 
feature ruled out 
as extraneous. 
Use of "probably" 
does not qualify 
as I IBS, though 



IIC3 (2 pts) 
Another feature 
extraneous 



IIB4y (2 pts) Man- 
ipulates spin- 
ners so that each 
one has 1 through 
6. 



R: It repeats numbers? Okay, how do you know that? 

S: Because on the spinners is four and four, five 
and five, and three and three, and six and two — 
three times. 

R: Hm. Okay. Well, I wasn't here while you were 
doing this, and I want to know what you were doing 
and what you were thinking. So what did you do 
first, and what were you thinking? 



S: First, I was looking at this. 
BOARD] 

R: Uh huh. 



[POINTS TO NUMBER 



S: And I thought probably — there was a number 
repeated but there wasn't. 



R: Hm. 

S: Then I looked at the chips. 

R: Hm. 

S: And then there's nothing wrong with the chips. 

R: Uh huh. 

S: And I looked at the spinners, and then just 
figured it outl 



• • • 



^' ... I'd like you to try something else. 
You've told me what you think is wrong with the game 
and now Dr. Game wants to hire you to fix the game. 
So, urn again, I'm going over there while you're 
working on this, and ..." [R LEAVES.] 



• • • 



S: [PUTS STICKERS ON SPINNERS, WRITES ON THE 
STICKERS. THIS CONTINUES FOR 1:30 MINUTES.] 



• • • 



[THE INTERVIEW CONTINUES, WITH S EXPLAINING THAT 
WITH THE ORIGINAL SPINNERS, "YOU'RE NEVER GONNA GET 
1 , 2 , OR 3 ON THE NUMBER BOARD" . ] 



• • • 



S: 



. . two and two. 
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R: Hm hm. 



Is this IIB5, us- 
ing probability? 
Can ' t be sure at 
this point. 



S: It's gonna be four. And if you spin again, 
you're never gonna be able to get one, two, or three 
[POINTS TO NUMBERS ON NUMBER BOARD] 

R: Hm hm. Okay. And how does that fix it? 
S: Um, it gives both sides a chance. 



R: It gives both— what do you mean by that? 

S: Um, like if they spin one number— might not be 
left out? 

R: Hm hm. One number might not be left out? What 
do you mean? 



IIB5 (2 pts) Use 
of probability 
confirmed. 



IIB4X (2 pts) Cal" 
culates 



5L : ? you're spinning it and then the number 

that it lands on— it might not get one of those 
numbers, right? [POINTS TO NUMBER BOARD] 

R: Hm hm. Okay. 

S: So, um, that leaves the green side a better 
chance to win. 

R: Hm hm. it leaves the green side a better chance 
to win? How-how so? 

S: Because if it [Orange] has six numbers off, um, 
and It [Green] has more— how is that aide goino to 
be able to win? ^ 

R: Uh huh. Uh huh. Okay. And so— okay. Okay. 

It has more numbers off? Can you show me or explain 

that to me? 

S: [PUTS POINTERS SO THFY POINT TOWARDS ONES] Like 
one times one is one. [POINTS TO ONE ON BOARD] 

R: Hm hm. 

S: And before it didn't have one and one, so you 
couldn't get times one. 

R: Hm hm. 

S: One and two. [PUTS ONE POINTER TOWARDS TWO] 



• • • 
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[INTERVIEW CONTINUES FOR ANOTHER 5.5 MINUTES] 

* * * 
Excerpts from an Interview with Jodie 



R: [RESEARCHER INTRODUCES PSA C, THE SPINNER GAME] 
. . . Then when you think you've found out what's 
wrong with the game, let me know, and I'll come back 
and we'll talk about it. 



IIB4y (2 pts) 
Manipulates by 
playing game 



S: [NODS TO SELF. SMILES SLIGHTLY TO THE CAMERA. 
SPINS POINTERS. DROPS COIN. AWARDS CHIP TO 
APPROPRIATE PLAYER. ] Times. 

[CONTINUES TO PLAY GAME FOR 3:10 MINUTES.] 
[S CALLS RESEARCHER BACK.] 



IIC3 (2 pts) Looks 
for patterns 



IIB4X (2 pts) Cal- 
culates 



TIBS (2 pts) Uses 
probability 



S: I figured out a catch to it. The orange guy's, 
though, is always gonna win because he has the 
lower numbers. [POINTS TO NUMBER BOARD] And 
every time you have a plus, it's always going to go 
in the lower numbers. [POINTS TO NUMBER BOARD 
AGAIN] 

R: Okay. Say more about that. 

S: Okay, if you have plus, 'cause, see, if you 
plus six [POINTS TO SIXES ON SPINNERS], it's only 
gonna be twelve. And the highest number is fifteen 
[POINTS TO FIFTEEN ON NUMBER BOARD], so if you 
always get plus, the orange guy's always gonna win. 
And you'd have to get a real high times number for 
the green guy to win. 

R: Hm Hm. Okay. And so, one mors time: so, 
what's wrong with the game is . 



.? 



S: That — that — that the orange numbers are 
always gonna be— that the orange guy is almost 
always gonna win. He has a better chance to 
win. 



R: Okay. And how do you know that? 

S: I figure that out because I kept— ev .ry time I 
got times, it would go higher, and sometimes it'd go 
lower. But every time I got plus, it'd always go to 
the .... 
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[INTERVIEW CONTINUES FOR 4 MINUTES] 

R: . . . And, when you think you've come up \'ith a 
way to fix the garae, let me know, and we'll talk 
about it. Okay? [SUBJECT NODS] Questions? 
S: No. 

R: Okay. [RESEARCHER LEAVES] 

S: [STARES AT AND TOUCHES NUMBER BOARD] 

[SUBJECT WORKS FOR l!l5 MINUTES] 

R: Okay, did you fix the game? 

S: I figured out a way you could. 

H: Okay. 

S: Okay, If the green was right here [PRETENDS TO 
MANIPULATE ELASTIC ON BOARDS SO THAT ORANGE HAS THE 
LEFT HALF AND GREEN HAS THE RIGHT HALF ON THE 
NUMBER BOARD, AS IN THIS PICTURE]: 



1 


2 


3 


4 


5 


0 


7 


8 


9 


10 


11 


12 


13_ 


14 


IS 


16_ 


17 


18 






21 


22 


29 


at 


» 


» 


27 


as 


29 


30 



— you took it around that direction. And then 
the orange one was to go this way. see? You'd have 
the lower numbers and the higher numbers [in each 
half of the board] . 

R: Why don't you show me. Show me what you mean. 

S: Okay. [PICKS UP BOARD] Like, here's your 
orange one. And you put the orange one around these 
right here [RUNS FINGER ALONG SUGGESTED BOUNDARY], 
and back around here. And then you took your green 
one, and you— and you put it like this. Around 
here, see? How you have just this square on each 
of the same amount, and the you have the higher and 
the lower number. 

R: Okay, so it would be like— 
S: Down the middle. 

R: This half [DIVIDES IN HALF WITH FOREARM TO 
DEMONSTRATE] —one, two, three, seven, eight, nine 
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IID3 (2 pts) An 
alternative way 
to solve the 
problem 



would be orange? 
S: Yeah. 

R: And this side four, five, six, ten, eleven, 
twelve, would be green? 

S: Yes. 



R: 



Okay. And how would that fix the game? 



S: Because you have the same amount of lower 
numbers and higher numbers for each color. And then 
that means if you get plus, you can get on this 
side, too. You don't always have it on the top. 



R: 



Okay, if you have plus, you can get 'em— 



&: If you have plus [PUTS HAND ON NUMBER BOARD], 
you can always get it. You have lower numbers that 
you could put it on. [MOTIONS TOWARDS BOARD] 

* 9 m 

R: Was there anything as you were thinking that 
you— you considered and then you thought, "No 
that's not very helpful." 

S: I thought about the numbers again. r POINTS to 
SPINNERS] ir^^^i'i^o 

R: What did you think about the numbers? 

S: I thought that um maybe if you— if you um— made 
them higher numbers, and you made— you some real 
low like this [POINTS TO 2 ON SPINNER], and then 
you made some a little bit higher [POINTS TO 6 ON 
SPINNER], so they also help in this. [POINTS TO 
BOARD] Like, instead, like a six maybe, like a 
nine, or a ten or something. 

R: Okay, and how would that help? 

S: It's because when you add 'em [TURNS COIN OVER], 
like if you had a ten [POINTS TO ONE SPINNER], and 
you have a ten on this side [POINTS TO OTHER 
SPINNER], you have a twenty, and it also be able to 
go to the high side [POINTS TO NUMBER BOARD], the 
green side. 

R: That's if— if you would— if you would leave it 
just like this. [POINTS TO NUMBER BOARD] If you'd 
leave the loop just like that. 
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S: Yes, because, you leave like that [POINTS TO 
NUMBER BOARD] , and then you could change the numbers 
on this. [POINTS TO SPINNERS] . . . 

[INTERVIEW CONTINUES FOR ANOTHER 2 MINUTES] 



M-scores . The M-score is a measure of the child's mathe- 
matical success with a PSA. It is derived from two sources: (i) 
a mathematical analysis of that the particular PSA involves, and 
ili^^ °^ mathematical ideas that subjects in the pilot 

expressed. Coding is again based on examination of 
the videotape and transcript, with guidance provided by a de- 
tailed M-score Coding Guide. u a ae 

p.^«^'^^®/"^''°5® unlike the P-score in several respects. 

if?^' M-score is designed to reflect how far the 

child got with the PSA, it takes into account only the child's 
most advanced, final thinking on the PSA. Unlike the P-score it 
mirrors the ultimate destination of the problem solving, rath4r 
than the actions and heuristics used along the way Seiond? the 
?;fv°H?4''^^r ^PP^y generally to all the PSAs because 

^o^^^ f^^"" ""Sf^ mathematically. Thus there is onr 

pIa C* ?M?d ^hf m ^^?^^^^ ^ third one for 

IttrZk fo5 f ; M-score is not open-ended: a top score is 
awarded for a full and complete solution to the PSA, and these 
maximum scores are different for PSAs A*, B*, and ci.^ ^^^^^ 

h^«^.J^h^!?^?''2"v,?°'^^"^.f?^®"'®.^°^ PSA is organized in a 

hierarchical fashion, with various numbers of points assigned to 

For example, PSA C involves nine different levels (six for 

f^^^'^Thi^Sw^^?^ ""^^^ 5^"^^' three for fixing 

subiect thH^f « wrong?" part involves a score for (1) what the 
subject thinks is wrong; 2 the reasons he or she gives for that 
??v"?harSI ^'i ^ justification for asserting tSat the probabU- 
m ipvfi ^2"^^ Pi^r^ "^^"^ ^ ^^^P 5^^^ter than oSe half; 

iV J: r} -^.^^ completeness and systematicity of the analysis 

^ advantage; (5) the equiprobability of the spinner 
s?SS?f operators; and (6) the relation between winning^a 

tiS^iLf ?n?,of J^""^"^ ^^t ""^^^^ The second task, fixing 

laTrp^^ '.ft^ r^nl^^'^r^ ^"^^ changes to make che game 
fairer; (8) justifications for those changes; and (9) verifica- 

'^There is an element of arbitrariness in setting these 
maximum scores, since for some people a "complete" solution may 
require, for example, generalizations of a solution to additional 
cases. The solutions that warranted maximum scores for all the 

®''?f'.Y®''f.®®t at a level that matched or exceeded every 
child's sophistication. ^ 
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tion that the changes did in fact make the game fairer. 



.V. of these levels, there may be several statements 

or methods that would earn various numbers of points, in some 
cases, different statements within a level are awarded the same 

iu Sou"'!? "'^"^ children do not progress much beyond level 
^n^i2 m5? r^f^ ^ wrong?" part of the PSA, nor beyond level (7) 
in the "Fix It" part.) As an example, there were essentially 
four different ways to fix the game mentioned earlier; each of 
those ways, perhaps in combination, could be pursued to make the 
game fairer, and each might result in the same total M-score.^ 

A relation between P-scores and M-scorfig . Note that the P- 
t^^l^l ^Ufi^^® M-scores are conceptually independent in the sense 
that a child's use of a large number of problem-solving actions 
or heuristics would not necessarily lead to a sophisticated or 
complete solution; and conversely, a sophisticated and complete 
solution might be obtained despite a child's use of a very 
limited problem-solving repertoire. Generally speaking, though, 
one would expect that a greater use of problem-solving actions 
and heuristics would lead to more complete and sophisticated 
solutions. After all, this is what leads us to use the adjective 
"problem-solving" in the first place. aajeci:ive 



An Over view of Some Result a 

The 
follows: 



The principal results of the study can be summarized as 



o From pretest to posttest, children in the viewing group 
lltl P-score g ains on each of the th?ee 

2 nonviewers did. (Two-way ANOVAs showed interac- 

n r nnf f^^/P^^ ""i^? ^iewer/nonviewer to be significant at the 
Lti-llll The viewers' pretest to 

^nw n?^^2!^''^f! significant (p < .ool for PSA A* and C*; p < 
Pul^-lll ? K ™ "°»^iewers did not make significant gains. 
Further, in each PSA there was a significant P-score difference 
at the posttest between the viewers and nonviewers (p < .001 in 
each case) . 

Figure 1 shows the combined^ mean P-scores of the two groups 
at the pretest and posttest, with an interval of one standard 

«The M-scores for Paul and Jodie were 8 and 13, respective- 
ly; the maximum possible score (which no child attained) was 26. 

^The pairwise correlations among P-scores for PSAs A* B* 
and C* were all positive and significant at the p < .01 level or 
even more significant. The combining of P-scores was done via 
principal components analysis. 



deviation above and below each mean. 

It is clear from Figure 1 that there is substantial overlap 
between the viewers' and nonviewers' P-scores at the pretest. At 
the posttest, however, the viewers' P-scores increased signifi- 
cantly, while the nonviewer? ' did not.^*^ At the posttest, then, 
there was mach less overlap between the two groups. 

Figure 1 

Mean P-scores (all PSAs combined) for 
viewers and nonvieweris on pre- and posttest, 
with 1 SD above and below the means 




H Nonviewers 
I I VieweTS 



PRETEST 



POSTTEST 



o From pretest to posttest, children in the viewing group 
roade significantly gr eater M-score gains than nonviewers on two 
of the three PSAs. (Two-way ANOVAs showed interactions of prey- 
post with viewer/nonviewer on PSA A* (p < .01) and PSA C* (p < 
.001).) From pretest to postttist, the viewers' M-scores in- 
creased significantly on PSAs A* and C* (p < .001). Further, the 



^°The decline in the nonviewers' mean combined P-score is 
marginally significant (p < .10). The nonviewers' P-scores de- 
clined significantly in PSAs A* and B* (p < .01), but not in C*. 
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difference between the two groups at the posttest was significant 
in PSA C* (p < .001) and marginally significant in PSA A* (p < 
« 1 0 ) • 

Figure 2 shows the mean total^^ M-scores of the two groups 
at the pretest and the posttest, with an interval of one standard 
deviation above and below each mean. 



Figure 2 

Mean M-scores (all PSAs combined) for 
viewers and nonviewers on pre- and posttest, 
with 1 SD above and below the mean 




I Nonviewers 
n viewers 



PRETEST 



POSTTEST 



i^M-score changes in PSA B* were not significant for either 
group. Something akin to a ceiling effect appeared to be operat- 
ing in the sophistication and completeness of children's solu- 
tions to this problem at both pretest and posttest. Thus there 
was little change from pretest to posttest. 

I'For summary purposes only, the M-scores from the three 
PSAs were combined simply by adding them. The correlations among 
the M-scores for PSAs A*, B* and C* were not all significant, so 
any combination of M-scores across the three PSAs should be 
interpreted with caution. 
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The same pattern observed for P-scores is apparent here- At 
the pretest there is substantial overlap between the two groups. 
However, at the posttest the viewing group's M-scores were sig- 
nificantly higher, resulting in much less overlap. The non- 
viewers 's M-scores did r.ot change significantly from pretest to 
posttest on any of the PSAs. jr uu 

°- •^^ul? the P- and M-scores are conceptually indepen- 

dent, m this sample they were significantly correlated (r = 52- 
P < .001); higher P-scores tended to be associated with higher M- 
rS^n^'pJS'' Sr^S''^ detailed in a full report on the study 
i^lii'^ Fisch, et al., in preparation) we hypothesize that 

there is a causal relationship between the P-scores and M-scores- 
an increase in P-score (a greater tendency to use problem-solvino 
actions and heuristics) leads to an increase in M-score ?ma?ie- ^ 
matical sophistication and completeness of solution) . 

o There were no significant gender differences in chil- 
dren's M-scores at either the pretest or the posttest. Further, 
the changes in children's M-score performance from pretest to 
posttest did not interact significantly with their gender. 

"gender did not have a significant main effect on 
?v gi^ls who watched SQUARE ONE 

TV improved significantly (p < .01) from pretest to posttest, 
«rni.n^?^Y^? "° fi^e^f^ce between boys and girls in the viewing 
group at either the pretest or the posttest." Thus, it aoDears 
that SQUARE ONE TV had a similar effect on the Soy^ and giSs in 
the viewing group. xu 

childLn^rffd^?;^^^ mf^'^^'^S ^^^^^^ P-scores than low-SES 

PSAs ^^n^ ni^? t ^oVk.''''^ ^^^^^'^ M-scores on two of the three 
PSAs (p < .01 for PSA A*; p < .05 for PSA C*) . But, as in the 

rf^d^^J Changes in children's P-scores and M-scores 

niv TV " significantly with SES, indicating that SQUARE 

V IT^""^^"^ a Similar effect on the low- and middle-SES chil- 
aren in this sample. 

^K^i^^" ^^^^ minority (i.e. African-American and Latino) 

kT^^"" largely of lower SES, and nonminority (i.e. Anglo) 

""tit °^ '^^^^ ^ pattern similar to the one 

found for SES emerged when the data were analyzed by ethnicity. 
That is, nonminority children received higher P-scores than 

children (p < .05), and marginally higher M-scores in 
PSA C* (p < .10), but there was no significant interaction be- 
^Y,t®^,?^^.f M-scores. This indicates that SQUARE 
ONE TV affected minority and nonminority children similarly. 

i^There was, however, a marginally significant (p < .lo) 
three-way interaction among gender, condition and pretest/post- 
test; this was attributable to a drop (p < .05) from pretest to 
posttest in the nonviewing girls' P-scores. 



o Ten months before the study started, school district 
personnel administered an annual standardized mathematics 
achievement test to all fifth graders in the district. The chil- 
dren's scores on this achievement test were not significantly 
correlated with their P-scores or M-scores on any of the ^SAs. 
(The correlations between P-scores and standardized test scores 
range from -.18 to .11; the correlations between M-scores and 
standardized test scores range from -.07 to .02.) Further tl>ere 
were no significant correlations between scores on standardized 
mathematics tests and pre- to posttest changes in P-scores or M- 
^miApV research says nothing about how viewing 

SQUARE ONE TV might affect standardized test scores!) 

A set of more detailed analyses was carried out to explain 
the sources of the viewers' significantly increased P-scores. 
Some of the results, briefly, are these: 

o A large percentage (an average ci 42%) of the problem- 
solving actions and heuristics that the viewers used in the 
posttest were new, i.e. actions that they had not used in the 
pretest. This proportion for viewers was significantly larger 
than the average of 25% observed for nonviewers (p < .005 for 
PSAs A* and C*; p < .10 for PSA B*) . 

o For each of the PSAs we tallied the number of problem- 
solving actions and heuristics for which there was an increased 
use from pretest to posttest. Averaged over the three PSAs. 

hi^!!T=^ "''^Jff^ ^" ^^^^"^ °^ 11-'^ °f the 17 actions and 
heuristics, while nonviewers increased in only 4.0 of the 17. 

v^^vs 2 4.^ more fine-grained study was undertaken of the relation- 
ship between the representation of specific Goal II subgoals in 
the treatment and viewers' subsequent use of particular problem- 
solving actions or heuristics. The situation here is complex 
because children's use of specific problem-solving actions or 
heuristics is a function of at least three factors: (i) the 
influence of SQUARE ONE TV, (2) what the children would bring to 
the problem normally, without any influence from SQUARE ONE TV, 
and (3) the ifinds of behavior that would be appropriate to use on 
the particular problem. As a result, generalizations are diffi- 
cult to make in this area. However, in many cases viewers (more 
than nonviewers) used particular problem-solving techniques that 
were especially appropriate or powerful in their solutions of 
certain PSAs. 



It is interesting to speculate, more generally, on what it 
is about SQUARE ONE TV that produces such an effect on children's 
problem solving. We know that the subjects were exposed to a 
considerable amount of problem-solving material over the course 
of the six weeks of treatment. The 30 programs they watched 
Included a total of 201 segments, of which 116 explicitly involve 



some kind of problem solving. These include more than 500 
instances of one of the subgoals from problem treatment, heuris- 
tics, or problem follow-up, an average of about 17 per day. All 
of this is viewed in a zany, humorous, context that we know is 
highly appealing to many children of this age. Are children who 
watch this material learning new problem-solving techniques that 
were not in their repertoires previously? Or are they recogniz- 
ing for the first time that techniques they already knew about 
are in fact applicable? Or are they becoming more motivated to 
use techniques that they already recognized as being useful? 
Analysis of the attitude data that is now under way, in conjunc- 
tion with the problem-solving data, will help to sort out the 
mechanisms that underlie the effects of the program on problem 
solving. 



Some Summary Commenta 

We have discussed SQUARE ONE Tv, the Problem-Solving Activi- 
ties, and NCTM's Standards, against a background of current 
®^^°°l^»t:hematics. A diagram of links among them might look 



Figure 3 




Link #1, between the Standards and SQUARE ONE TV, was 
discussed earlier when we showed the consonance between the goals 
of the television program and those espoused in the Standards . 

There are two links between SQUARE ONE TV and the PSAs. 

Link #2 in Figure 2 is the one of alignment, as described in the 

gtapdards . The other, #3, is an arrow from SQUARE ONE TV to the 

PSAs; this stands for the statistically significant effects that 



sustained viewing of the series has on prcblem-solving perfor- 
mance. 

Link #4 is intended to signify a bond between the PSAs and 
the Siandards in the sense that the PSAs appear to be good 
examples of the kinds of a?.sessment instruments that the stan- 
darOs advocates, particularly for instructional feedback and 
program evaluation. (see especially Table 3 . 1 on pp. 200-1 of 
the Stanc^ayds , which lists characteristics of types of assess- 
ments. Many of these characteristics are descriptive of the 

PSAs • ) 

4 "^J?® ^^^^^ ^^"^^ «^^awn in a different font, to 

indicate that the relationship is one of dissonance, not conson- 
ance. Link #5 reminds one that SQUARE ONE TV presents mathemati- 
cal content and an emphasis on problem solving that is not found 
in the typical elementary mathematics program. 

4"l^u*^ recalls that activities similar to the tSAs are not 
part of the ordinary elementary school mathematics curriculum 
either. Rarely are children given opportunities to work on open- 
ended, nonroutine, problems that allow many aporoaches and have 
more than one solution. 

v«»4.v, li"^ reminds us of the disparity between school 

currently practiced and the vision for improvement 
that the Standards provides. 
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SQUWUt OKI TCUVISION-EUBORATION Of GOALS 



•nd to Incr.... imJin|iy*° "l"'*"** conc.pt., 



""^ JJoSISS'R 2LJa,r •^^'"""on ot probi«,..olvi„, 
*. rroblM rorMilatleii 

1. ■•eognlt* umI atat* ■ probln. 

3. k»a—m th» valu* of Mlvlng . probl... 

3. th« pcitoiUty oe .olvln, . protolt.. 

ProblM TrMtaMDt 

I. IntonMtlon. 

J. KatliMt* or approxlMt*. 

3. NM.ur«, «.tit«r (tot. or ch«ck r..ourca.. 

4. C«lc«l.t. or .«,ipul.t. (.^.flly or phylclly, . 
S> CoMiOMr probatollltlM. 

«. Om trlal-«M-«rrer or <ru«i«-»iid-«h,ck. 
C. troblM-SolvlAf Hcurlatica 

sirSji^;*K';u?:*'"' «"pS, 

fin* MbgMU, .utoprotol^a.. work bickw.rdi. 

inflection 
(P«r tntnt or •xtrwi«oua) . 

*' !!!SSf?!?5 P"»»l««« ch«n9. point of vl.w. 

rMv.lu.t. .Miuvtlon.; 9«n*r.t« naw hypoth...,. 




0. Probia. FoUow-up 

p°5:s:?on"2r^:jj!t":" 

3- Look for •lt.rn«tlv. .olutlon.. 
3- Look for .lt«rn.tlv. way* to .oxv.. 
4. Look for. or .xt.nd to. r.l.ted probx.... 

III. To proaant aound iiatha««tlcal eon»-»^ . 

Intaraatlna, accaaalhlT^ contant in .n 

by axplorlnii ' "••"ingful ..nn.r 

A. NuaJsara and Counting 

Mtiol* nuabara. 

n"2i:?:j ?sK."'p.--oTa-xro?^f--- 

>. P.rc«,ta, u..., Uroc to <,acl„i. «„a fraction.. 
• . ».,atlv. nuiu-ra. u.»a, ral.tlon to .ubtr«cUo„. 
ArltiuMitlc Of Mttonai Vumto^f 

optratloiwi. '•«Pon«ir!i«iat!,ioni Mban «nd ^ to ua« 
3. «tifuotur«. prliNMi, factor., .„d aultlpi... 

^SfS^i??^^^' bound., .pproKlMt. 

T^iiTiL tTd?ii:t:irio[5:n"-t";on-°-"^-- 



Htasurrasnt 

I. Unltii •yttMt (Engllih, Mtrlc, non-itandtrd) ; 
laport«nc« of standard unlti. 

3. Spatial: langth, araa, voIum, pariMtkr, and 
aurfaca araa. 

3. Approxiaata natura: axact varaua approxiaata, 
l.a., counting varaua naaurlng; calculation with 
approxlMtlonai Margin of arror; propagation 

of arrorr aatlMtlon. 

4. Addltlvlty. 

KuBarlcal functions and Ralatlona 

1. Ralatlon9i ordar# Inaqualitlaa, aubaat ralatlona, 
addltlvlty, Inflnlta aats. 

2« runetlonat llnaar, quadratic, axponantlal; rulaa, 
pattama« 

3. Eguatlonai aolutlon tachnlquaa manipulation 
guasa-and-taat) ; alaslng addand and 

f acton ralatlon to conatructlon of numbara. 

4. fonnilaai Intarpratatlon and evaluation; algabra 
as ganaralltad arlthaiatlc. 

Combinatorics and Counting tachnlqfuas 

1. Multiplication prlnclpla and dacoaposltlon. 

2. Plgaonhola prlnclpla* 

3. systaaatlc anuaaratlon of caaas. 
Statlatloa ajfid rrobabllity 

1. Mslo quMtlfloatlont counting; rapraaantatlon by 
rational numbars. 

2. Oarivad maasurast avaraga^ me'' Ian » ranga. 

3. Coffwaf^si indapandanoa, corralationi "Uw of 
Avaragas . ** 

4« Pradlctloni ralatlon to probability. 

9. Data procaaalngt collaotlon and analyala. 

6. Data praaantatlont grapha, charta, tablaa; 
conatructlon and Intarpratatlon. 



Gaomatry 

1. Olmanalonallty: ona, two, thraa, and four 
dlmanalona. 

3. migld tranaformatlona: tranafomatlona In two and 
tbraa dimanaionai rotations, rafl«ctiona, and 
t ranslat lona i aymmatry . 

3. Taaaallationai covarlng tha plana and boundad 
raglonai lulaldoacopaay rola of aymmatryr 
othar aurfacaa. 

4. Mapa and modala in acalat application nf ratios. 

5. Parapaotlvai rudlmanta of drawing in parspactlva; 
rapraaantatlon of thraa-*dlmanaional objacts 

in two dlmanalona. 

6. O«omatrioml objaotai racognitiony ralatlona among; 
constructional pattama. 

7. Topological mappinga and propartiaa: invar ianta. 



